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(54) Title: METHODS AND COMPOSITIONS FOR SYNTHESIS OF LONG CHAIN POLYUNSATURATED FATTY ACIDS 



(57) Abstract 

The present invention relates to fatty acid desat- 
urases able to catalyze the conversion of oleic acid to 
linoleic acid, linoleic acid to 7-linolenic acid, or of al- 
pha-linolenic acid to stearidonic acid. Nucleic acid se- 
quences encoding desaturases, nucleic acid sequences 
which hybridize thereto, DNA constructs comprising a 
desaturase gene, and recombinant host microorganism 
or animal expressing increased levels of a desaturase 
are described. Methods for desaturating a fatty acid 
and for producing a desaturated fatty acid by express- 
ing increased levels of a desaturase are disclosed. Fatty 
acids, and oils containing them, which have been de- 
saturated by a desaturase produced by recombinant host 
microorganisms or animals are provided. Pharmaceuti- 
cal compositions, infant formulas or dietary supplements 
containing fatty acids which have been desaturated by a 
desaturase produced by a recombinant host microorgan- 
ism or animal also are described. 
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The present invention is further directed to transgenic oils in 
pharmaceutical^ acceptable carriers. The present invention is further directed 
to nutritional supplements, cosmetic agents and infant formulae containing 
transgenic oils. 

5 The present invention is further directed to a method for obtaining 

altered long chain polyunsaturated fatty acid biosynthesis comprising the steps 
of: growing a microbe having cells which contain a transgene which encodes a 
transgene expression product which desaturates a fatty acid molecule at carbon 
6 or 12 from the carboxyl end of said fatty acid molecule, wherein the trangene 
10 is operably associated with an expression control sequence, under conditions 
whereby the transgene is expressed, whereby long chain polyunsaturated fatty 
acid biosynthesis in the cells is altered. 

The present invention is further directed toward pharmaceutical 
compositions comprising at least one nutrient selected from the group consisting 
15 of a vitamin, a mineral, a carbohydrate, a sugar, an amino acid, a free fatty acid, 
a phospholipid, an antioxidant, and a phenolic compound. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows possible pathways for the synthesis of arachidonic acid 
(20:4 A5, 8, 11, 14) and stearidonic acid (18:4 A6, 9, 12, 15) from palmitic acid 
(Ci 6 ) from a variety of organisms, including algae, Mortierella and humans. 
These PUFAs can serve as precursors to other molecules important for humans 
and other animals, including prostacyclins, leukotrienes, and prostaglandins, 
some of which are shown. 

Figure 2 shows possible pathways for production of PUFAs in addition 
to ARA, including EPA and DHA, again compiled from a variety of organisms. 

Figure 3A-E shows the DNA sequence of the Mortierella alpina A6- 
desaturase and the deduced amino acid sequence: 

Figure 3A-E (SEQ ID NO 1 A6 DESATURASE cDNA) 
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Figure 3 A-E (SEQ ID NO 2 A6 DESATURASE AMINO ACID) 

Figure 4 shows an alignment of a portion of the Mortierella alpina A6- 
desaturase amino acid sequence with other related sequences. 

Figure 5A-D shows the DNA sequence of the Mortierella alpina A12- 
5 desaturase and the deduced amino acid sequence: 

Figure 5A-D (SEQ ID NO 3 A12 DESATURASE cDNA) 

Figure 5A-D (SEQ ID NO 4 A12 DESATURASE AMINO ACID). 

Figures 6A and 6B show the effect of different expression constructs on 
expression of GLA in yeast. 

1 0 Figures 7 A and 7B show the effect of host strain on GLA production. 

Figures 8A and 8B show the effect of temperature on GLA production in 
S. cerevisiae strain SC334. 

Figure 9 shows alignments of the protein sequence of the Ma 29 and 
contig 253538a. 

1 5 Figure 1 0 shows alignments of the protein sequence of Ma 524 and 

contig 253538a. 

BRIEF DESCRIPTION OF THE SEQUENCE LISTINGS 

SEQ ID NO:l shows the DNA sequence of the Mortierella alpina A6- 
desaturase. 

20 SEQ ID NO :2 shows the protein sequence of the Mortierella alpina A6- 

desaturase. 

SEQ ID NO:3 shows the DNA sequence of the Mortierella alpina A12- 
desaturase. 

SEQ ID NO:4 shows the protein sequence of the Mortierella alpina 
25 A12-desaturase. 

SEQ ID NO:5-l 1 show various desaturase sequences. 

-11- 
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10 



15 



20 



SEQ ID NO:13-18 show various PCR primer sequences. 

SEQ ID NO: 19 and SEQ ID NO:20 show the nucleotide and amino acid 
sequence of a Dictyostelium discoideum desaturase. 

SEQ ID NO:21 and SEQ ID NO:22 show the nucleotide and amino acid 
sequence of a Phaeodactylum tricornutum desaturase. 

SEQ ID NO:23-26 show the nucleotide and deduced amino acid 
sequence of a Schizochytrium cDNA clone. 

SEQ ID NO: 27-33 show nucleotide sequences for human desaturases. 

SEQ ID NO:34 - SEQ ID NO:40 show peptide sequences for human 
desaturases. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In order to ensure a complete understanding of the invention, the 
following definitions are provided: 

A5-Desaturase: A5 desaturase is an enzyme which introduces a double 
bond between carbons 5 and 6 from the carboxyl end of a fatty acid molecule. 

A6-Desaturase: A6-desaturase is an enzyme which introduces a double 
bond between carbons 6 and 7 from the carboxyl end of a fatty acid molecule. 

A9-Desaturase: A9-desaturase is an enzyme which introduces a double 
bond between carbons 9 and 10 from the carboxyl end of a fatty acid molecule. 

A12-Desaturase: A12-desaturase is an enzyme which introduces a 
double bond between carbons 12 and 13 from the carboxyl end of a fatty acid 
molecule. 

Fatty Acids: Fatty acids are a class of compounds containing a long 
hydrocarbon chain and a terminal carboxylate group. Fatty acids include the 
following: 



Fatty Acid 



12:0 



tauric acid 



16:0 



palmitic acid 
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FastA Match of ma29 and contig 253538a 



SCORES Initl: 117 Initn: 225 Opt: 256 

Smith- Waterman score: 408; 27.0% identity in 4 41 aa overlap 

10 20 30 40 50 

ma29gcg.pep MGTDQGKT FTWEEIAAHNTKDDLLLAIRGRVYDVTKFLSRHPGGVDTLLLGAGRDVT 

II I I I I : I : I : : :: 1:1 : I I : :: : i I I I j I : : I I : I : I 
253538a QGPTPRYFTWDEVAQRSGCEERWLVIDRKVYNISEFTRRHPGGSRVISHYAGQDAT 

10 20 30 40 50 

60 70 80 90 100 110 

ma29gcg.pep PVFEMYHAF-GAADAIMKKYYVGTLVSNELPIFPEPTVFHKTIKTRVEGYFTDRNIDPKN 
1:1 I : I : : : I I I I I I I I I : : I I : : : 

253538a DPFVAFHINKGLVKKYMNSLLIGEL-SPEQPSF-EPTKNKELTDEFRELRATVERMGLMK 
60 70 80 90 100 110 



120 130 140 150 160 170 

ma29gcg.pep RPEIWGRYALI FGSLIASYYAQLFVPFWERTWLQWF-AI IMGFACAQVGLNPLHDASH 
: : : : I : : : I : : : I : : I : : I : : : : : I I : I | I : | 
253538a ANHVF — FLLYLLHILLLDGAAWLTLWVFGTSFLPFLLCAVLLSAVQAQAGWLQ-HDYGH 

120 130 140 150 160 170 



180 190 200 210 220 

ma29gcg.pep FSVTHNPTVWKILGATHDF FNGASYLVWMYQHMLGHHPYTNIAGADPDVSTSE 

: I I : : I I : I : I I : : II I I : : I : I I II MM: : 
253538a LSVYRKPK-WNHL-- VHKFVIGHLKGASANWWNHRH-FQHHAKPNIFHKDPDVNMLHVFV 

180 190 200 210 220 

230 240 250 " 260 270 280 

ma29gcg.pep PDVRRIKPNQKWF-VNHINQHMFV — PFLYGLLAFKVRIQDINILYFVKTNDAIRV 
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253538a LGEWQPIEYGKKKLKYLPYNHQHEYFFLIGPPLLIPMYFQYQI IMTMIVHKNWVDL 

230 240 250 260 270 280 
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253538a AWAVSYYI RFFIT Y 1 PF- YGILG-ALLFLNFIRFLESHWFVWVTQMNHIV 
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253538a MEI DQEAY — RDWFSSQLTATCNVEQSFFND WFS — GHLNFQIEHHLFPTMP 

340 350 360 370 
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ma29gcg.pep QHHYPDILAIIKNTCSEYKVPYLVKDTFWQAFASHLEHLRVLGLRPKEEX 
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253538a RHNLHKIAPLVKSLCAKHGIEYQEKPLLRALLDIIRSLKKSGKLWLDAYLHKX 
380 390 400 410 420 430 
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